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Abstract: Flipped classroom model (FCM) and educational videos have been applied in several 
subjects related to thermal engineering. Results have been evaluated by questionnaires, 
observation in the classroom and also number of videos visualization. In general, students evaluate 
positively the application of the new methodologies, although some suggestions for improvement 
have been obtained. In particular, the use of videos can reduce some of the difficulties of FCM 
related to previous preparation by students. Finally, students’ marks have been compared to 
number of videos watched, and a positive (although weak) trend has been seen. 
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1. Introduction 
Compared to traditional master classes, flipped classroom model (FCM) provides several 
advantages: the student play a leading role in attendance sessions, increasing motivation and 
satisfaction, active methodologies and information and communication technologies (ICT) are 
naturally incorporated into the learning process, and various transverse competences can be 
developed and evaluated in the classroom [1–4]. Focusing on engineering, FCM has been applied in 
several examples related to spreadsheet use [5], chemistry [6] or automatic systems theory [7]. 
Besides, the use of educational videos as reusable learning objects (RLO) [8,9] facilitates the 
learning process in both conventional and flipped classes, makes it more attractive and provides the 
students a tool for self-study of the main and/or more difficult items of the subject. Furthermore, if 
these videos are available in an open courseware, its applicability is increased. 
In the framework of several projects financed by the Program for Promoting Teaching 
Innovation of Universidad de Zaragoza, both methodologies have been applied by the authors in 
several subjects related to thermodynamics and thermal engineering, providing valuable results 
[10]. Sometimes, they have been applied separately and, in most situations, they are combined. In 
this framework, the aim of the paper is to use this experience to evaluate how the combined 
application of FCM and videos improves the teaching-learning process focusing on both field 
observations about FCM and quantitative raelations among video visualizations and final mark. 
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2. Materials and Methods 
The analysis is based on the experience of the authors in the application of FCM and 
educational videos in several subjects related to thermodynamics and thermal engineering during 
two academic courses. Table 1 summarizes the subjects where the experience has been developed. 
Table 1. Subjects where flipped classroom and/or videos have been applied. 
Subject Program Degree Videos 
Flipped 
Classroom 
Technical Thermodynamics and 
Fundamentals of Heat Transfer 
Several YES 6 h 
Thermal Engineering 
Industrial Engineering, 
Mechanical Engineering 
YES 3 h 
Thermal Machines and Engines Mechanical Engineering YES 3 h 
Thermotechnology Chemical Engineering NO 2 h 
Energy Efficiency in Buildings 
Master on Renewable Energy 
and Energy Efficiency 
NO 2 h 
Among the previous examples of application, the subject “Technical Thermodynamics and 
Fundamentals of Heat Transfer” in the Degree of Industrial Engineering Technologies will be 
analyzed in detail. In this subject, flipped classroom is applied in the second chapter studied in the 
classroom devoted to calculations of thermodynamic properties, which is very relevant because 
concepts and methods learnt there are applied in most of the subsequent chapters of the subject. 
FCM is also applied in some lab and computer sessions. Besides, 23 short videos (of around 10 to 15 
min) are available for the students in the Moodle platform of the subject: 6 are related to the 
aforementioned Chapter 2, 7 for lab and computer session, and 10 are general videos dealing with 
different sections of the subject. Videos of the first two groups have been developed by the authors. 
In order to assess the influence of the innovative learning methodologies applied, several 
analysis methods are used: questionnaires for students, observation cards (for FCM) and, finally, 
data about number of videos visualization provided by Moodle. 
3. Results 
A main result of the application of flipped classroom model is positive student evaluation, 
which is summarized in Table 2. 
Table 2. Evaluation of FCM by students. 
Aspect Very Low Low Average High Very High 
Degree of satisfaction 0% 15% 41% 26% 18% 
Degree of learning 0% 11% 38% 41% 10% 
Besides, some conclusions have been observed in the application of FCM. Sometimes, students 
have not had prepared properly the session; accordingly, they take more time for starting and, 
finally, the effective time available is reduced. These effects can be minimized by the application of 
videos and including also a message for remembering. In some sessions, students prefer to work 
alone, whereas sometimes they work in small groups. If the group is not small, students usually 
have to wait, what advises the presence of a second lecturer or an assistant. 
In order to assess quantitatively the influence of videos, information provided by Moodle about 
number and time of video visualization has been used and correlated to students’ marks. Figure 1 
shows how these marks depend on the number of videos watched (what ranges from 0 to 23). In 
each group, the average mark, and this average plus and minus its standard deviation is 
represented. Figure 2 shows the distribution of number of videos visualization. It can be seen how 
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the number of students watching less than 5 videos is very low and more than one third of students 
watch at least 15 videos. 
 
Figure 1. Mark vs. number of watched videos: average +− standard deviation. 
 
Figure 2. Fraction of students according to number of watched videos. 
4. Discussion 
In general, students consider that flipped classroom model and educational videos are positive 
from both degrees of satisfaction and learning. FCM application can be improved by considering 
several points; in particular, the use of short videos can help to minimize the number of students that 
attend classroom without having reviewed the material provided by the professor and also to make 
the study of the subject more attractive and successful. On the other hand, advantages of the 
application of videos increase when the classroom is not conventional and students use different 
resources for learning (in other words, when the classroom is flipped). In any case, it should be 
noted that most students do not prefer to transform completely the subject from conventional to 
FCM, but to apply this method to selected tasks. In general, students are more open to innovations at 
the beginning of the semester than at the end, when they are busier. 
Information by Moodle about number of video visualizations can become a relevant source of 
data for quantifying the effect of the use of videos. Although it is not easy to identify strong 
relationships, some trends have been appreciated. Students who have watched more videos tend to 
have higher marks and also with lower dispersion. Students with low visualization can also have 
good marks, but it is not very usual, and they are likely to have also low marks. Although a good 
mark cannot be attributed only to videos, because students who watch more videos are likely to 
spend more time in “conventional” learning activities, a positive trend has been observed. 
Author Contributions: S.U., B.P., I.Z., E.M.L. and L.M.R. developed the videos and used them along with the 
flipped classroom model. S.U. and B.P. analyzed the data and wrote the paper. 
Acknowledgments: This paper has been developed in the framework of a teaching innovation project financed 
by Universidad de Zaragoza, Spain, during the academic years 2016–17 and 2017–18 (Ref. numbers: 
PIIDUZ_16_165, PIIDUZ_16_032, PIIDUZ_17_299 and PRAUZ_17_002). 
0
1
2
3
4
5
6
7
8
0 to 4 5 to 9 10 to 14 15 to 19 20 to 23
Mark vs. watched videos
Av. - Stdev.
Average
Av. +  Stdev.
0 to 4
5 to 9
10 to 14
15 to 19
20 to 23
Proceedings 2018, 2, 1329 4 of 4 
 
Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role in the 
design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in 
the decision to publish the results.  
References 
1. Lage, M.J.; Platt, G.J.; Treglia, M. Inverting the classroom: A gateway to creating an inclusive learning 
environment. J. Econ. Educ. 2000, 31, 30–43. 
2. Baker, J.W. The ‘classroom Flip’: Using web course management tools to become the guide by the side. In 
Selected Papers from the 11th International Conference on College Teaching and Learning; Chambers, J.A., Ed.; 
Floride Community College at Jacksonville: Jacksonville, FL, USA, 2000; pp. 9–17. 
3. Baker, C. Flipped Classrooms: Turning Learning Upside Down. Deseret News, 2012. Available online: 
http://www.deseretnews.com/article/765616415/Flipped-classrooms-Turning-learning-upside-down.html
?pg=all (accessed on 1 October 2018). 
4. Bergman, J.; Sams, A. Flip Your Classroom: Reach Every Student in Every Class Every Day; Internal Society for 
Technology in Education: Washington, DC, USA, 2012. 
5. Davies, R.S.; Dean, D.L.; Ball, N. Flipping the classroom and instructional technology integration in a 
college-level information systems spreadsheets course. Educ. Technol. Res. Dev. 2013, 61, 563–582. 
6. Smith, J.D. Student attitudes toward flipping the general chemistry classroom. Chem. Educ. Res. Pract. 2013, 
14, 607. 
7. Mason, G.S.; Rutar Shuman, T.; Cook, K.E. Comparing the effectiveness of an inverted classroom to a 
traditional classroom in an upper-division engineering course. IEE Trans. Educ. 2013, 46, 430–435. 
8. Willmot, P.; Bramhall, M.; Radley, K. Introducing audio-visual media for inspirational learning and 
positive engagement. In Proceedings of the SEFI, International Conference on Engineering Education, 
Lisbon, Portugal, 27–30 September 2011; pp. 420–426. 
9. Tovar, E.; Dimovska, A.; Piedra, N.; Chicaiza, J. OCW-S: Enablers for building sustainable open education 
evolving OCW and MOOC. In Proceedings of the 2013 IEEE Global Engineering Education Conference 
(EDUCON), Berlin, Germany, 13–15 March 2013; pp. 1262–1271. 
10. Zabalza, I.; Peña, B.; Llera, E.M.; Usón, S. Improving the teaching-learning process using educational 
videos as reusable learning objects (RLO) in the field of thermal engineering. In Proceedings of the 8th 
International Conference on Education and New Learning Technologies (EDULEARN 16), Barcelona, 
Spain, 4–6 July 2016; pp. 363–372. 
© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 
View publication stats
